



Growth and development of chickpea (Cicer arietinum L.) varieties affected as agronomic biofortification through zinc and iron
ABSTRACT
A field experiment was conducted to study the agronomic biofortification of zinc and iron in chickpea (Cicer arietinum L.) varieties under Arid Western Plains Zone of Rajasthan. Growing of two varieties namely GNG-1581 and RSG-974 and seven fortification treatments included various doses of zinc and iron were assigned under FRBD and trial was carried out at Instructional Farm, College of Agriculture, Jodhpur (Rajasthan) during rabi season of 2019-20. The results revealed that significantly higher dry matter accumulation, SPAD Chlorophyll Meter Reading, number of nodules/plant, fresh and dry weight of nodules/plant, number of primary and secondary branches/plant obtained with variety GNG – 1581 as compared to RSG-974. Whereas, higher plant height recorded in RSG-974 as compared to GNG – 1581. Further results revealed that application of ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) and FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) recorded higher plant height, dry matter accumulation, SPAD Chlorophyll Meter Reading, number of nodules/plant, fresh and dry weight of nodules/plant, number of primary and secondary branches/plant over rest of treatments.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is the most important and ancient pulse crop being traditionally grown during rabi season in India and cultivated mainly in semi-arid regions of the world. Chickpea belongs to the family Leguminaceae. Chickpea seeds contain higher protein content (21-23 %) next to groundnut and soybean. India leads the world in chickpea output and area, followed by Australia, Pakistan, and Turkey. According to the 4th advance estimates, it accounts for 10.17 million hectares in India, producing 11.35 million tonnes with an average productivity of 1116 kg/ha in 2019-20. (DES, 2020). Zinc plays a role in the detoxification of superoxide radicals, membrane integrity as well as synthesis of protein and phytoharmones like IAA. Chickpea is generally considered as a sensitive crop to zinc deficiency. Its deficiency causes poor synthesis of phytohormones viz. auxins, gibberellins and cytokinins resulted in lesser growth and development of crop (Hassan et al., 2020). Zinc involved in the root nodulation of plant and enables to the pulse crops to fix inert nitrogen in the root nodule. It is also participating in the signal transduction during stress condition in the plant system. Similarly, zinc deficiency in the soil is more commonly found in cereal-based cropping system of the world that affects succeeding pulse crops (Shukla and Mishra, 2020). Iron plays a crucial role in redox system in cell and various enzymes. Dicotyledonous and grami-neaceous plants have different strategies to acquire iron (Marschner, 2012). Chickpea genotypes vary in their sensitivity to iron deficiency. Moreover, iron is the most essential micronutrient for plant growth especially for chickpea grown on saline and alkaline soils (Larson et al., 2018). Although, ubiquitous presence of iron in earth’s crust, but low solubility makes it lesser availability and finally poor uptake by crops. Similarly, saline and alkaline soils are also deficient in iron, which results in the chlorosis of leaves that reduces photosynthetic potential of chickpea and fails to complete its pod or grain formation ultimately pods may remain empty (Vadlamudi et al., 2020; Shukla and Mishra, 2018). 
METHODOLOGY

An experiment was carried out at Instructional Farm, College of Agriculture, Jodhpur (Rajasthan) during rabi season of 2019-20. This is situated at a distance of about 10 km from Jodhpur railway station. Geographically, it is located between 26(15(N to 26(45(North latitude and 73(00(E to latitude 73( 29(East longitude at an altitude of 231 meter above mean sea level. The experiment was comprised with two varieties namely GNG-1581 and RSG-974 and seven fortification treatments included various doses and modes of application of zinc (Zn) and iron (Fe) viz. control, ZnSO4 @ 25 kg/ha (SA), FeSO4 @ 25 kg/ha (SA), ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA), ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA), FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA) and FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) in total fourteen treatment combinations were designed in factorial randomized block design (FRBD) with three replication that makes forty two plots in total. The soil of experimental plot was sandy-loam in texture, slightly alkaline in soil reaction (pH 8.2), nonsaline in conductivity (EC 0.12 d/Sm), low in organic carbon (0.14%) and available nitrogen (176 kg/ha), whereas medium in phosphorus (22.0 kg/ha) and high in available potassium (329 kg/ha). Similarly, the micronutrient analysis of the soil, inferred that the experimental soil was low in available Zn (0.48 mg/kg) and available Fe (3.21 mg/kg). The recommended dose of fertilizer (20 N and 40 kg P2O5 ha-1) was given in chickpea at the time of sowing. However, zinc sulphate heptahydrate (Zn 21%) and ferrous sulphate (Fe 19.5%) were used as source of zinc and iron and applied as per the treatments as agronomic fortification. All cultural operations were followed as per recommendation package of chickpea. However, zinc and iron were analyzed by wet digestion in di-acid mixture (HNO3 + HClO4 in the ratio of 3:1) in the plant samples (seed and stover) by following all standard protocols given by Isaac and Kerber (1971) using Atomic Absorption Spectrophotometer at the most sensitive wavelength for zinc (213.7 nm) and iron (248.3 nm). 
RESULT AND DISCUSSION

Effect of varieties 
The effect of varieties on growth parameters viz., plant height and dry matter accumulation at 30, 60, 90 DAS and at harvest, SPAD Chlorophyll Meter Reading, number of nodules/plant, fresh and dry weight of nodules/plant at 30, 60 and 90 DAS and number of primary and secondary branches/plant at 60, 90 DAS and at harvest are presented and summarized in Table 1, 3, 4 and 5. Perusal of data showed that variety RSG-974 recorded significantly higher plant height at 60, 90 DAS and at harvest as compared to GNI – 1581. Whereas, significantly higher dry matter accumulation at 30, 60, 90 DAS and at harvest, SPAD Chlorophyll Meter Reading, number of nodules/plant, fresh and dry weight of nodules/plant at 60 and 90 DAS and number of primary and secondary branches/plant at 60, 90 DAS and at harvest obtained with variety GNG – 1581 as compared to RSG-974. Growth is the irreversible process by which a plant increases in its biomass, weight and size of stems. All plant growth occurs by cell division and cell elongation. Cell division occurs primarily in regions of undifferentiated cells known as meristems. Cell division in the apical meristems and subsequent elongation and maturation of the new cells produces primary growth. The other type of growth i.e. secondary growth is the increase in diameter of stems and roots. The variations in respect of plant height, dry matter accumulation/plant, number of nodules/plant, weight of nodules/plant, SPAD chlorophyll meter reading (SCMR) and number of branches/plant might be due to differential genetic makeup of individual variety. This result was in agreement with Cokkizgin (2012), Rasul et al. (2012), Shivay et al. (2014) and Nandan et al. (2018).
Effect of agronomic biofortification of zinc and iron 

Data regarding growth parameters viz., plant height and dry matter accumulation at 30, 60, 90 DAS and at harvest, SPAD Chlorophyll Meter Reading, number of nodules/plant, fresh and dry weight of nodules/plant at 30, 60 and 90 DAS and number of primary and secondary branches/plant at 60, 90 DAS and at harvest are presented in Table 1, 3, 4 and 5. Results revealed that growth parameters of chick pea influenced significantly due to agronomic biofortification of zinc and iron. It was found that application of ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) and ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA) significantly recorded higher values of plant height and dry matter accumulation at 60, 90 DAS and at harvest, number of nodules/plant, fresh and dry weight of nodules/plant at 30, 60 and 90 DAS and number of primary and secondary branches/plant at 60, 90 DAS and at harvest as compared to control, ZnSO4 @ 25 kg/ha (SA), FeSO4 @ 25 kg/ha (SA), FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA) and FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA). Whereas, higher SPAD Chlorophyll Meter Reading was observed with the application of ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA), it was at par with rest of treatment except control at 30 DAS, at 60 and 90 DAS at par with FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) as compared to rest of treatments. Growth is an irreversible process in all kinds of living organism including plant system. It is of two types, first is primary growth and secondly, refers to secondary growth. The primary growth refers to apical growth carried out by apical/shoots meristematic tissue, while secondary growth involved in improving diameter by lateral meristematic tissue. Growth is generally driven by cell division and elongation that expressed in terms of increase in weight, height and diameter in plant kingdom. However, it is greatly depend upon abiotic (climate and soil) and biotic factors (living systems). The most important factor after climate is soils that represent all limiting and excess phenomena carried out during crop season. Similar results were also reported Pal (2018) and Parmar and Poonia (2020). The increment in plant height in relation to the application of zinc is due to the formation of auxin and to ease in availability of zinc to plant leaves in the apical portion of the plant which promotes the height of the plant. The higher dry matter production due to the application of zinc and iron is ascribed to the vigorous and enhanced plant growth and also to higher leaf area development that aided in the effective interception of light, thus leading to higher dry matter production. The foliar application of zinc and iron increased the availability of nutrients to the plants, which is directly absorbed to the plant leaves and translocate the prepared food by different parts of the plant and hence growth of the plant occurs. Iron involved in chlorophyll synthesis that’s why in iron deficient plant chlorophyll production which enhance photosynthesis. It is structural component of porphyrin molecules, cytochromes, hems, hematin, ferrichrome and leghemoglobin. It involve in oxidation-reduction process in the plant. These results are in to the findings of Hadi et al. (2013), Kayan et al. (2015) and Hossain et al. (2016).

Interaction effect of varieties and agronomic biofortification of zinc and iron
The data on mean dry matter accumulation (g/plant) pertaining to varieties and agronomic biofortification of zinc and iron with their interactive effect recorded at harvest stage of chickpea are presented in table 2. It is evident from the data that chickpea variety GNG-1581 along with application of ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA) recorded significantly higher dry matter accumulation (27.77 g/plant) and proved significantly superiority over other combinations of treatments except ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) and FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA), where it was equally effective in obtaining dry matter accumulation/plant, which recorded dry matter accumulation of 26.61 and 25.66 g/plant under variety GNG-1581, respectively at harvest stage of the crop. The similar trends were also associated with the chickpea variety RSG-974 pertained to dry matter accumulation at harvest stage of crop during experimentation.
Table 1: Effect of agronomic biofortification of Zn and Fe on plant height and dry matter accumulation of chickpea varieties
	Treatment
	Plant height (cm)
	Dry matter accumulation (g/plant)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest
	30 DAS
	60 DAS
	90 DAS
	At harvest

	Varieties
	
	
	
	
	
	
	
	

	C1: GNG-1581
	17.43
	29.69
	54.08
	58.02
	1.12
	5.80
	14.63
	24.44

	C2: RSG-974
	17.67
	31.04
	57.26
	61.81
	1.06
	5.17
	12.96
	20.95

	SEm±
	0.32
	0.46
	0.92
	1.00
	0.05
	0.09
	0.26
	0.44

	CD (P= 0.05)
	NS
	1.32
	2.66
	2.92
	NS
	0.25
	0.76
	1.27

	Zinc and Iron levels
	
	
	
	
	
	
	
	

	F0: Control
	16.53
	24.15
	43.67
	51.61
	1.03
	4.99
	11.88
	19.25

	F1: ZnSO4 @ 25 kg/ha (SA)
	17.04
	27.12
	49.67
	54.55
	1.05
	5.22
	13.12
	21.73

	F2: FeSO4 @ 25 kg/ha (SA)
	16.74
	24.89
	44.17
	51.69
	1.04
	5.15
	12.94
	21.28

	F3: ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	18.16
	35.02
	64.57
	66.85
	1.20
	5.95
	15.15
	25.10

	F4: ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	19.21
	36.81
	68.54
	70.64
	1.21
	6.11
	15.72
	26.04

	F5: FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	17.93
	33.60
	62.72
	64.58
	1.07
	5.58
	14.20
	23.19

	F6: FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	17.22 
	30.97
	56.36
	59.47
	1.06
	5.37
	13.55
	22.28

	SEm±
	0.60
	0.85
	1.71
	1.88
	0.08
	0.16
	0.49
	0.82

	CD (P= 0.05)
	NS
	2.47
	4.98
	5.46
	NS
	0.48
	1.43
	2.38

	Interaction (C × F)
	
	
	
	
	
	
	
	

	SEm±
	0.85
	1.20
	2.42
	2.65
	0.12
	0.23
	0.69
	1.16

	CD (P= 0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	3.37


*(SA = Soil application & FA = Foliar application)

Table 2: Interaction effects of varieties and agronomic biofortification of zinc and iron on dry matter accumulation at harvest (g/plant) of chickpea

	C × F
	Varieties

	
	Dry matter accumulation at harvest (g/plant)

	
	C1
	C2
	Mean

	F0
	23.09
	15.41
	19.25

	F1
	22.50
	20.96
	21.73

	F2
	21.62
	20.94
	21.28

	F3
	27.77
	22.43
	25.10

	F4
	26.61
	25.47
	26.04

	F5
	25.66
	20.72
	23.19

	F6
	23.86
	20.70
	22.28

	Mean
	24.44
	20.95
	22.70

	SEm±
	
	1.16
	

	CD (P=0.05)
	
	3.37
	


Table 3: Effect of agronomic biofortification of Zn and Fe on SPAD Chlorophyll Meter Reading (SCMR) and number of nodules/plant of chickpea varieties
	Treatment
	SPAD Chlorophyll Meter Reading (SCMR)
	Number of nodules/plant

	
	30 DAS
	60 DAS
	90 DAS
	30 DAS
	60 DAS
	90 DAS

	Varieties
	
	
	
	
	
	

	C1: GNG-1581
	36.93
	41.58
	40.86
	4.39
	37.45
	26.86

	C2: RSG-974
	36.88
	38.95
	37.95
	4.23
	34.97
	24.86

	SEm±
	0.54
	0.85
	0.86
	0.09
	0.58
	0.58

	CD (P= 0.05)
	NS
	2.46
	2.51
	NS
	1.67
	1.68

	Zinc and Iron levels
	
	
	
	
	
	

	F0: Control
	35.08
	35.96
	34.28
	4.15
	29.07
	18.83

	F1: ZnSO4 @ 25 kg/ha (SA)
	36.87
	39.21
	37.86
	4.18
	34.42
	24.50

	F2: FeSO4 @ 25 kg/ha (SA)
	35.56
	38.67
	37.15
	4.16
	34.15
	24.00

	F3: ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	37.79
	44.24
	44.18
	4.51
	41.47
	29.67

	F4: ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	38.46
	44.94
	44.89
	4.59
	44.12
	32.83

	F5: FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	37.38
	39.53
	39.33
	4.38
	35.20
	26.50

	F6: FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	37.21
	39.30
	38.15
	4.25
	35.05
	24.67

	SEm±
	1.02
	1.58
	1.61
	0.16
	1.08
	1.08

	CD (P= 0.05)
	2.96 
	4.61
	4.69
	NS
	3.13
	3.15

	Interaction (C × F)
	
	
	
	
	
	

	SEm±
	1.44
	2.24
	2.28
	0.23
	1.52
	1.53

	CD (P= 0.05)
	NS
	NS
	NS
	NS
	NS
	NS


*(SA = Soil application & FA = Foliar application)
Table 4: Effect of agronomic biofortification of Zn and Fe on fresh and dry weight of nodules of chickpea varieties
	Treatment
	Nodules fresh weight (mg/plant)
	Nodules dry weight (mg/plant)

	
	30 DAS
	60 DAS
	90 DAS
	30 DAS
	60 DAS
	90 DAS

	Varieties
	
	
	
	
	
	

	C1: GNG-1581
	101.14
	353.81
	121.29
	34.13
	157.00
	53.75

	C2: RSG-974
	98.62
	306.67
	107.33
	32.81
	151.13
	46.12

	SEm±
	2.58
	15.58
	4.65
	0.85
	1.62
	1.44

	CD (P= 0.05)
	NS
	45.30
	13.52
	NS
	4.70
	4.20

	Zinc and Iron levels
	
	
	
	
	
	

	F0: Control
	89.83
	233.33
	97.33
	31.11
	128.88
	41.41

	F1: ZnSO4 @ 25 kg/ha (SA)
	97.50
	299.33
	102.67
	32.71
	150.18
	44.95

	F2: FeSO4 @ 25 kg/ha (SA)
	95.17
	282.67
	103.67
	31.47
	149.50
	44.32

	F3: ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	104.00
	415.67
	139.33
	34.70
	170.50
	58.46

	F4: ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	111.83
	429.00
	140.17
	35.16
	173.20
	60.06

	F5: FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	100.83
	343.00
	111.33
	34.61
	153.19
	50.51

	F6: FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	100.00
	308.67
	105.67
	34.50
	152.99
	49.82

	SEm±
	4.83
	29.15
	8.70
	1.59
	3.03
	2.70

	CD (P= 0.05)
	NS
	84.74
	25.29
	NS
	8.80
	7.85

	Interaction (C × F)
	170.50
	
	
	
	
	

	SEm±
	6.83
	41.23
	12.31
	2.25
	4.28
	3.82

	CD (P= 0.05)
	NS
	NS
	NS
	NS
	NS
	NS


*(SA = Soil application & FA = Foliar application)

Table 5: Effect of agronomic biofortification of Zn and Fe on Primary and secondary branches of chickpea varieties
	Treatment
	Primary branches/plant
	Secondary branches/plant

	
	60 DAS
	90 DAS
	At harvest
	60 DAS
	90 DAS
	At harvest

	Varieties
	
	
	
	
	
	

	C1: GNG-1581
	4.74
	5.74
	5.65
	16.74
	20.96
	23.71

	C2: RSG-974
	4.44
	5.41
	5.31
	16.34
	20.44
	23.12

	SEm±
	0.11
	0.11
	0.11
	0.12
	0.15
	0.11

	CD (P= 0.05)
	0.31
	0.32
	0.31
	0.34
	0.43
	0.33

	Zinc and Iron levels
	
	
	
	
	
	

	F0: Control
	3.49
	4.36
	4.35
	15.62
	19.56
	22.09

	F1: ZnSO4 @ 25 kg/ha (SA)
	4.27
	5.27
	5.17
	16.27
	20.45
	23.19

	F2: FeSO4 @ 25 kg/ha (SA)
	3.95
	4.95
	4.83
	15.95
	20.06
	22.80

	F3: ZnSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	5.46
	6.51
	6.36
	17.31
	21.47
	24.17

	F4: ZnSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	5.56
	6.53
	6.41
	17.36
	22.15
	24.69

	F5: FeSO4 @ 25 kg/ha (SA) + 0.5% ZnSO4 (FA)
	4.77
	5.78
	5.68
	16.66
	20.65
	23.50

	F6: FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA)
	4.63
	5.63
	5.53
	16.63
	20.58
	23.48

	SEm±
	0.20
	0.21
	0.20
	0.22
	0.28
	0.21

	CD (P= 0.05)
	0.57
	0.60
	0.59
	0.64
	0.81
	0.62

	Interaction (C × F)
	
	
	
	
	
	

	SEm±
	0.28
	0.29
	0.28
	0.31
	0.39
	0.30

	CD (P= 0.05)
	NS
	NS
	NS
	NS
	NS
	NS


*(SA = Soil application & FA = Foliar application)

Conclusion
It can be concluded that growing of chickpea variety GNG-1581 under FeSO4 @ 25 kg/ha (SA) + 0.5% FeSO4 (FA) showed better agronomic biofortification treatment which interactively and significantly produced higher growth parameters of chickpea crop.
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